Background: Further development of high quality measures of neighborhood perceptions will require extensions and refinements to our existing approaches to reliability assessment. This study examined the test-retest reliability of perceptions of the neighborhood environment by socioeconomic status (SES). Methods: Test and retest surveys were conducted using a mail survey method with persons aged 40 to 65 years (n = 222, 78.2% response rate). SES was measured using the respondent's education level and the socioeconomic characteristics of their neighborhood of residence. Reliability was assessed using intraclass correlations (ICC) estimated with random coefficient models. Results: Overall, the 27 items had moderate-to-substantial reliability (ICC = 0.41-0.74). Few statistically significant differences were found in ICC between the education groups or neighborhoods, although the ICCs were significantly larger among the low SES for items that measured perceptions of neighborhood greenery, interesting things to see, litter, traffic volume and speed, crime, and rowdy youth on the streets. Conclusion: For the majority of the items, poor reliability and subsequent exposure misclassification is no more or less likely among low educated respondents and residents of disadvantaged neighborhoods. Estimates of the association between neighborhood perceptions and physical activity therefore are likely to be similarly precise irrespective of the respondent's socioeconomic background.
Social-ecological theory posits that physical activity (PA) is influenced by a complex array of interacting factors operating at many levels, including the individual, family, friends and peers, and the neighborhood. 1 During the 1980s and 1990s research directed at understanding the determinants of PA focused on the individual. 2, 3 In more recent times, the research effort has shifted to investigating the neighborhood environment and the role that it plays in PA. 4, 5 Integral to this shift has been the development of conceptual frameworks that seek to identify characteristics of the neighborhood which facilitate or dissuade PA. 6, 7 A large number of potential factors have been delineated: in broad terms these pertain to the functionality and convenience of neighborhood infrastructure (eg, intersections, sidewalks), crime and safety (eg, youth on the streets, unsecured dogs, streetlights, traffic control), aesthetic surroundings (eg, parks, graffiti and rubbish, tree coverage), and the accessibility and availability of facilities and services (eg, shops, recreation centers, bike paths). Over 100 published studies have investigated the association between peoples' perceptions of these (and other) neighborhood factors and their influence on PA 8 and most observe a significant association. [9] [10] [11] [12] Knowledge of the relationship between perceptions of the neighborhood environment and PA is at a relatively nascent stage 8 and future advances in our understanding need to be supported by ongoing research into the psychometric properties of the perceptual measures. 13 A key aspect of this work is the assessment of measurement error, and this has typically been undertaken on the basis of test-retest reliability studies. 8, 13 In the context of this work, reliability is an indicator of the consistency and reproducibility of responses to items and scales that measure neighborhood perceptions. Low reliability represents a threat to knowledge because reporting errors are likely to be associated with a higher probability of exposure misclassification, which in turn reduces the predictive capacity of the measure. 14, 15 To date, test-retest studies have tended to focus on the reliability of neighborhood perceptions for samples as a whole, although some have compared reliabilities across racial/ethnic groups, [16] [17] [18] males and females, 17, 19 and urban and rural areas. 20 Many of these studies used original or adapted items from the Neighborhood Environment Walkability Scale (NEWS) or the updated tool (ANEWS), 21 and reliability is often estimated using the Intra-Class Correlation (ICC). A recent review of these studies 8 reported that test-retest reliabilities for measures of neighborhood perceptions are usually between 0.6 to 1.0 in magnitude: according to Landis and Koch's 22 scale for assessing the strength of reliability coefficients, this indicates substantial or near-perfect agreement.
Further development of high quality measures of neighborhood perceptions will require extensions and refinements to our existing approaches to reliability assessment. It has been suggested that we need to assess reliability among population subgroups with high levels of physical inactivity and increased risk of chronic disease. 8, 18 In this present paper we respond to this call by examining the reliability of neighborhood perceptions across different socioeconomic groups and residents of advantaged and disadvantaged neighborhoods. No published study appears to have focused on this issue; however, there a number of compelling reasons for doing so. First, compared with their higher status counterparts, people of low socioeconomic status (SES) and residents of disadvantaged neighborhoods make less use of their neighborhood environments for leisure time PA [23] [24] [25] hence the reliability of their neighborhood perceptions may be lower. Second, socioeconomically disadvantaged persons, especially those with less formal education, may have lower levels of literacy and comprehension, 26, 27 hence they may find it more difficult to read and understand each survey item thus increasing the scope for inconsistent (ie, less reliable) responses. Third, population-based samples frequently under-represent respondents from disadvantaged backgrounds and neighborhoods: these groups are often under-enumerated in our sampling frameworks, 28 they have higher rates of survey nonresponse 29 and when they do respond they are more likely to provide incomplete data (ie, higher item nonresponse). 30 This under-representation is likely to result in a socioeconomically truncated sample that underestimates the magnitude of socioeconomic variability in PA in the population. Importantly, if disadvantaged groups are also less reliable in their responses to survey items then this will compound the extant nonresponse biases and further reduce the capacity of our models to produce accurate estimates of socioeconomic differences in PA.
The aim of this study is to assess the test-retest reliability of perceptions of the neighborhood environment by socioeconomic status. The assessment is based on data collected as part of a test-retest study for the HABITAT (How Areas in Brisbane Influence HealTh and AcTivity) project. HABITAT is a multilevel longitudinal (2007) (2008) (2009) (2010) (2011) 
Sampling
A multistage probability sampling design was used to select a stratified random sample of Census Collection Districts (CCD) (proxy neighborhoods), and from within each CCD, all dwellings containing at least 1 resident aged 40 to 65 years.
Sampling of Neighborhoods.
As at the 2001 census, Brisbane consisted of 1654 CCDs: these are the smallest administrative units used by the Australian Bureau of Statistics (ABS) for the collection of census data, and in 2001 each CCD contained an average of 205.6 (SD 77.7) occupied private dwellings. The 1654 CCDs were assigned a socioeconomic score using the ABS' Index of Relative Socioeconomic Disadvantage (IRSD). 32 IRSD scores for CCDs are based on census data and reflect attributes such as the proportion of low-income families and individuals with limited educational attainment, the unemployment rate, and the extent of the workforce in relatively unskilled occupations (among others). The CCDs were ranked by their IRSD score to form a distribution that was divided into deciles. One CCD was then randomly sampled from the first, fifth, and tenth decile and these are hereafter referred to as low, middle, and high socioeconomic status (SES) neighborhoods respectively. Table 1 compares the 3 neighborhoods on the basis of 2001 census data, and as would be expected from the stratified sampling design, their socioeconomic profile differed markedly.
Sampling of Dwellings and Individuals. Using data provided by the Australian Electoral Commission (AEC) all dwellings in each neighborhood that contained at least 1 resident aged 40 to 64 years were identified, and 1 resident within this age-range was selected using simple random sampling (low SES = 183, middle SES = 123, high SES = 113, total = 419). In Australia, voting is compulsory for persons aged 18 years and over, thus AEC data provides near-complete coverage of the resident population. Except for age, no other inclusion/exclusion criteria were used to identify and select respondents.
Questionnaire and Data Collection
A structured self-administered questionnaire was developed that asked respondents about their neighborhood, participation in PA, attitudes, social support, and demographic and socioeconomic characteristics. The questionnaire was administered between October and November 2006 using a mail survey method developed by Dillman. 33 A primary approach letter was mailed 1 week in advance of the questionnaire advising potential respondents of the study and encouraging their participation. This was followed a week later by a package containing a personalized cover letter (addressed to the respondent by name and hand-signed by the study's chief investigator), the questionnaire, a preaddressed, prepaid reply envelope, and a small gratuity (5 × $1.00 lottery tickets). A thankyou/reminder postcard was sent to respondents after 7 days, followed by (where necessary) another copy of the questionnaire and a final reminder letter (up to 5 contacts were made). On receipt of the respondent's questionnaire it was date-stamped and a second identical questionnaire (again with a personalized cover letter and gratuity) was mailed 2 weeks later.
Response Rates
Of the 419 questionnaires that were mailed, 13 were subsequently deemed ineligible for a range of reasons (eg, resident deceased, no longer at address) which reduced the in-scope sample to 406. For the test-component of the study the response rate was 70.0% (n = 284/406). The sex-distribution of those who did not return their testcomponent survey did not differ significantly from those who returned the survey (chi-square 0.080, P = .777). No other demographic data were available for comparison. For the high, middle, and low SES neighborhoods, the test-component response rates were 75.5%, 76.7%, and 61.9% respectively. At retest, the 284 surveys were mailed and 227 (79.9%) were returned. Of these, 5 were deemed ineligible (identification number removed, different person completed the second questionnaire) thus the final usable sample comprised 222 respondents (78.2% response rate, n = 222/284).
Measures
Neighborhood Perceptions. These were assessed using 27 modified items from ANEWS 21 grouped according to 4 broad constructs: suburb surroundings (7 items), streets and footpaths (7 items), traffic (5 items), and crime and safety (8 items). Each item was scaled using Likert-type response options that ranged from "Strongly disagree," 1 "Neither agree nor disagree," 3 to "Strongly agree." 5 The original ANEWS items were modified in a variety of ways to suit the local context by changing the spelling of words to be consistent with AustralianEnglish, replacing the term 'neighborhood' with 'suburb,' and using Australian vernacular (eg, replacing sidewalk with footpath, crosswalks with pedestrian crossings, and transit stop with bus stop or train station).
Neighborhood-and Individual-Level SES. Neighborhood SES was measured on the basis of the IRSD, as previously described. Respondents SES was measured using their education-level: no postschool qualifications; vocational/diploma (trade or business certificate, apprenticeship, associate or undergraduate diploma); and bachelor degree or higher (bachelor, postgraduate diploma, Masters, or doctorate).
Assessment of Test-Retest Reliability. Test-retest reliability has often been assessed using the ICC calculated on the basis of a 1-way analysis of variance (ANOVA). 16, 20, 34, 35 The use of a 1-way ANOVA assumes that the data come from a simple random sample that contains only 2 primary sources of variation in peoples' responses to survey items: across the 2 time-points, responses vary either between-or within-individuals (the sum of which constitutes the total variance). In the context of these studies, an ICC quantifies the proportion of the total variance that is attributed to differences betweenindividuals, thus large ICCs indicate high consistency and reproducibility of responses to survey items within-individuals, and by extension, a low probability of exposure misclassification. In this present study, for comparability purposes we also derive ICCs to quantify the percentage of total variance that arises from between-individual differences, but only after partitioning-out additional variation due to between cluster (neighborhood) differences. We used a complex 2-level sample design that generated 3 primary sources of variation-within individuals, between individuals, and between neighborhoods-hence we estimated the ICC using random coefficient (mixed) models to partition-out the latter source of variation when computing between-individual variation. Importantly, had we estimated ICCs using a 1-way ANOVA with the neighborhood clustered data (as some previous studies have done) the coefficients in most instances would be upwardly biased due to the aggregation of both betweenneighborhood and between-individual variance. The reasons for this are illustrated in Table 2 , where ICCs are estimated for one of the neighborhood perception items under 4 different modeling scenarios. First, we derived an ICC using a 1-way ANOVA (Model 1) and then using a 2-level variance components mixed effects regression model (Model 2): each approach yielded an ICC of identical magnitude (ICC = 0.59). Both methods however are potentially problematic as they fail to recognize that the data structure contains 3 levels of variation: within-and between-individuals, and between-neighborhoods. The analysis was then extended by specifying a 3-level mixed model that allows for variation between neighborhoods (Model 3): with this variation separately identified the ICC is re-estimated as 0.51. In effect, Models 1 and 2 produced ICCs that were over-estimated because the between-individual variance encapsulated variance that was more appropriately attributed to between-neighborhood variation. This said however, specifying a 3-level mixed model with only 3 neighborhoods was found to be unsuitable for 2 reasons. First, assumptions about the distributional properties of the level 3 random term were likely to be violated, and second, the models sometimes failed to converge when the between-neighborhood variance was close to 0. For these reasons, we estimated the ICCs using a 2-level mixed model with neighborhood included as a fixed effect (Model 4): as can be seen in Table 2 , Models 3 and 4 are equivalent in terms of their capacity to estimate the ICC when the number of level 3 units is small.
When interpreting the ICCs, we use Landis and Koch's 22 
Analysis
Of the 222 test-retest surveys that were returned, 2 had missing data at both time-points for education, and another provided no data about date of birth: these were excluded, which reduced the analytic sample to n = 219.
The analyses were undertaken in 3 stages using STATA/SE 10.0 for Windows. First, we estimated wholesample ICCs using each of the 4 methods indicated in Table 2 . This offers a methodological contribution by illustrating the potentially biasing effects on the ICC of not adjusting for neighborhood-clustering. For each of the ICCs that were estimated using the neighborhoodadjusted mixed model, we used a bootstrap procedure 36 to derive 95% confidence intervals (CI). Specifically, 1000 random samples were drawn from the test-retest analytic sample and for each sample an ICC was calculated, and the standard error of the resultant sampling distribution of ICCs was used to estimate 95% CIs.
Second, using a neighborhood-adjusted mixed model we estimated an ICC for each education group to assess whether people with varying levels of education differed in their consistency and reproducibility of responses to each survey item. Preliminary analyses revealed that education was significantly associated with age (P ≤ .029) and with many of the neighborhood perceptions; however, education was not associated with sex (P ≤ .129). Given this, ICCs for each education group were estimated without and with adjustment for respondent's age and the results were similar, so only the latter are reported.
Third, when estimating ICCs for each separate neighborhood, it wasn't possible (appropriate) to include a neighborhood term in the model specification. Hence, we initially derived ICCs using a 2-level variance components analyses with no terms in the fixed part of the model. This was subsequently extended by adjustment for education and age, as each was significantly associated with neighborhood SES (P ≤ .001 and P ≤ .025 respectively). Sex was not associated with neighborhood SES (P ≤ .454).
Differences between the education groups and between the neighborhoods in the magnitude of their ICCs were examined in a number of ways. First, they were compared on their mean ICC for each item on the basis of t tests (using variances derived from the bootstraps). Second, the distribution of the 27 ICCs was examined using box-plots to compare the education groups and neighborhoods in terms of their medians and inter quartile ranges. Third, we tested for an overall difference in the median of the ICCs between each pair of education-and neighborhood-contrasts (eg, low vs. high education, low vs. middle neighborhood SES) using a nonparametric Wilcoxon sign-test (2-sided). were more likely to have not returned their retest survey. The 2 groups did not differ significantly (at the conventional P ≤ .05) by sex, neighborhood SES, country of birth, self-rated health, PA, or age. There was an increased tendency for non-Australian born respondents to have not returned their retest survey, especially those from a non-English speaking country. Table 4 presents ICCs for the test-retest sample using the 4 different modeling scenarios. As shown, analyses that ignore the inherent neighborhood clustering within the data (ie, 1-way ANOVA and a 2-level mixed model) systematically over-estimate the ICCs when compared with the 3-level model and the neighborhood-adjusted 2-level model: these latter 2 approaches tend to produce ICCs of similar magnitude. For some of the neighborhood perceptions, the ICCs were identical (or nearly so) irrespective of which of the 4 modeling approaches was used. This occurred when the magnitude of the betweenneighborhood variance for the perceptual item was small.
Results
The ICCs produced by the neighborhood adjusted mixed models ranged from 0. Table 5 presents ICCs by education-group: there were few statistically significant differences in the mean ICCs between the groups, however when these were evident the ICCs tended to be largest among the low or middle educated. The box-plot for ICC by education group (Figure 1) shows that the median value of the 27 ICCs was higher for the low educated group overall, and that the interquartile range (ie, the middle 50% of the distribution) was above the median value for the high and middle educated groups. The Wilcoxon sign-test however indicated that the median values for the low, middle, and high education groups were not significantly different. Table 5 also presents ICCs by neighborhood SES: again there were only a small number of statistically significant differences between the neighborhoods in their mean ICCs for each item. When differences were observed however, the ICC tended to be largest for the middle and low SES neighborhoods. Figure 1 shows that the median ICC for the 27 items was largest for the low SES neighborhood, intermediate for the middle SES neighborhood, and smallest for the high SES neighborhood: none of the pairwise differences in median values were statistically significant.
Discussion
This present study assessed the reliability of 27 adapted items from the ANEWS tool 21 and the findings contribute to the measurement literature in a number of important ways. We found that the ICCs for the total sample ranged from 0.41 to 0.74 (mean 0.62, SD 0.09). Based on Landis and Koch's scale of strength for reliability coefficients 22 29.6% (n = 8) of the items showed 'moderate' reliability (0.41-0.60) and 70.4% (n = 19) 'substantial' reliability (0.61-0.80). None of the ICCs were classified in the 'poor' (0.00-0.20), 'fair' (0.21-0.40) or 'almost perfect' (0.81-1.0) categories. In terms of the 4 neighborhood constructs, items relating to crime and safety showed the highest average reliabilities, followed by items pertaining to streets and footpaths, suburb surroundings, and traffic. It is unclear why the reliability coefficients for the crime and safety items were higher than for the other constructs (or alternatively, why the ICCs for the other constructs were lower): there are however, a number of possible reasons. First, perceptions of crime and safety may be more robust and less susceptible to modification by the test-retest process, which is somewhat akin to a 'perceptual intervention' for highly visible features of the neighborhood such as greenery, or the quality of streets and footpaths. For example, as a result of completing the test survey respondents may have become more sensitized to the physical characteristics of their neighborhood and notice aspects of their environment that they were previously unaware of, thus producing a different response on the retest survey, resulting in lower reliabilities. Second, the lower reliability coefficients for items measuring local traffic and suburb surroundings may reflect the changeable and/or subjective nature of these items. The level of traffic in a neighborhood for example may vary according to time of day. Moreover, in another study 37 we found that even trained auditors had difficulty assessing neighborhood aesthetics and the size of street trees, presumably because of the subjective nature of these constructs. Third, the higher reliabilities for the crime and safety items may have been a chance occurrence: the fact that previous test-retest studies have not found that ICCs are noticeably higher for crime and safety items tends to support this interpretation.
Comparing the whole-sample ICCs found in this study with previous studies is difficult for a range of reasons: the wording and level of measurement of the items often differed; the studies varied in their method of data collection (telephone, mail survey, or face-to-face); the time-lags differed between administering the test and retest surveys; and the samples on which the studies were based ranged from the general population, 20 a group of African university students, 19 and ethnically and racially diverse women. 16, 17 This heterogeneity notwithstanding, the size of the whole-sample ICCs for many items were broadly similar across some of the studies. For example, Evenson and McGinn, 17 Brownson et al 20 safety from crime at night (0.69-0.73); and safety from crime during the day (0.31-0.49). Arguably, the magnitude of most of the ICCs from each of these studies is within acceptable levels of reliability according to Landis and Koch's scale of strength for reliability coefficients. 22 Importantly, the fact that these broadly similar ICCs are found despite varying social and cultural contexts and the use of differently worded and measured items and modes of survey administration points to the general robustness of peoples' perceptions of their neighborhood environments; and it attests to the stability of the ANEWS items and their suitability for public health monitoring and surveillance. This said however, it is worth noting that some of the ICCs for the neighborhood perception items (albeit the minority) varied markedly across the studies. For example, the reliability of the ANEWS item 'The streets in my neighborhood do not have many, or any, cul-de-sacs (dead-end-streets)' was considerably lower in the Brownson et al 20 study (ICC 0.18) than in the current study (ICC 0.63) that removed the double negative and used the simpler statement 'Many streets in my suburb have cul-de-sacs (dead-end-streets).' Items that use double negatives may confuse respondents, and future studies may wish to use both items to assess whether the ANEWS measures could be further enhanced with this minor modification. This is the first-known study to have compared socioeconomic groups and neighborhoods in terms of their test-retest reliabilities for items measuring neighborhood perceptions, although previous studies have examined subgroup differences by race/ethnicity, rurality, and gender. Evenson et al 16 observed that ICCs tended to be larger for white women compared with women of Latino, African American, or Native American origin. Brownson et al 20 found that some "blocks of questions" were more reliable for urban than rural residents, and Evenson and McGinn 17 and Oyeyemi et al 19 reported that reliabilities tended to be higher for males. The average difference in the reliabilities between these subgroups was usually only small-to-modest in magnitude and sometimes item specific, however, the differences provided an important context and precedent for this present study of socioeconomic differences in test-retest reliabilities. We originally hypothesized that people of low SES and residents of disadvantaged neighborhoods would exhibit lower reliabilities than their more advantaged counterparts because of lower levels of literacy and comprehension, 26, 27 and lower rates of leisure time PA in the neighborhood. [23] [24] [25] For the majority of the items however, there was no convincing evidence that the reliabilities differed systematically by education group or neighborhood SES. It therefore seems that higher rates of survey and item nonresponse among socioeconomically disadvantaged respondents (and the problems of sample bias that this often causes) will not, in most cases, be compounded by concomitant lower reliabilities. Moreover, exposure misclassification associated with low reliability seems to be no more or less likely among low educated respondents or residents of disadvantaged neighborhoods, hence estimates of the association between neighborhood perceptions and PA are likely to be similarly precise irrespective of the respondent's socioeconomic background.
Contrary to our hypothesis, the few statistically significant socioeconomic differences that we found showed that the ICCs tended to be larger among respondents from low educated groups and/or low SES neighborhoods. This was apparent for items that measured perceptions of neighborhood greenery, interesting things to see, litter or rubbish, traffic volume and speed, crime, and rowdy youth on the streets. The reasons for the larger reliabilities for these constructs are unknown; however, the socioeconomically disadvantaged are more likely than the advantaged to walk for transport 38 and thus may be more exposed to the negative aspects of these neighborhood characteristics (eg, sparse neighborhood greenery, fewer interesting things to see, more crime) resulting in a greater consistency and reproducibility of their responses and hence larger ICCs.
In sum, our findings in relation to socioeconomic differences in test-retest reliabilities are not unlike the pattern of findings reported in studies that compared reliabilities between racial/ethnic groups, urban and rural areas, and men and women. In the majority of cases the magnitude of the ICCs were similar (and acceptable) irrespective of population group however there appears to be some items (or groups of items) that have more or less saliency depending on the subgroup; and where this occurs, estimates of reliability are commensurately higher or lower depending on the particular context or circumstances. Further, given the stability of many of the ICCs despite substantial between-study differences on numerous design and measurement issues, there is no obvious reason why our findings pertaining to SES would not apply to a non-Australian population: future research should investigate this issue. This paper made an important methodological contribution to the assessment of measurement error by showing that when estimating ICCs using a neighborhood based cluster sample it was necessary to take account of any between-neighborhood variation else the reliability coefficients may be upwardly biased. This was illustrated by comparing ICCs calculated using a 1-way ANOVA (which doesn't partial-out the neighborhood variation) and a neighborhood-adjusted 2-level mixed model. The former technique consistently produced ICCs that were larger than that derived using the latter procedure. Given the recent proliferation of neighborhood-based studies of PA (and health more generally) 39 the use of mixed-models to accurately estimate test-retest ICCs will become increasingly necessary.
Study Limitations
First, although the study achieved a high overall response rate at test (70.0%) and retest (78.2%), low educated respondents and those from the most disadvantaged neighborhood were less likely to have returned their test-retest survey hence the socioeconomic profile of the analytic sample was likely to be truncated vis-à-vis the general population. Second, the analyses may have been under-powered at the both the individual-and area-levels and as a result many of the between-group and between-neighborhood differences failed to reach statistical significance. Third, as the sample comprised only 3 neighborhoods it is not possible to generalize to the wider population of Brisbane neighborhoods. Differences between the neighborhoods in the magnitude of their ICCs may simply reflect each area's unique and idiosyncratic features, and not necessarily the features of advantaged and disadvantaged neighborhoods more generally. Finally, as there were only 3 neighborhoods we were required to use a 2-level mixed model with neighborhood included as a fixed effect to estimate the ICCs for each education group. Arguably, this is a suboptimal approach to modeling a data structure that has 3 sources of variation. This said however, with a small number of neighborhoods it seems to matter little whether the ICC is estimated using a 3-level mixed model (where the between-neighborhood variance is treated as a random term) or a 2-level model with adjustment for neighborhood as a fixed (average) effect. Future test-retest studies employing mixed effect models to estimate ICCs should explore these issues further using a larger number of neighborhoods.
Conclusion
Although a large number of studies show that peoples' perceptions of their neighborhood environment are associated with their levels of PA, there is an ongoing need to continually improve the reliability of items and scales that measure neighborhood perceptions. Doing so will improve the predictive capacity of our models, add to our understanding of how the neighborhood environment influences behavior, and ultimately, lead to the development and implementation of effective (and cost efficient) interventions to increase rates of PA in the population.
